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(7) ABSTRACT

A pneumatic tire constructed with an electrically conductive
tire tread that defines a channel extending radially inward
through a tread base rubber having a relatively high elec-
trical resistivity so as to provide a conductivity path to a belt
layer within the tire. In certain embodiments, a conductivity
path extending from the belt layer through a belt cushion
section to a carcass section of the tire is also provided.
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CONDUCTIVITY PATH FOR NON-CONDUCTIVE
TIRE TREAD

FIELD OF THE INVENTION

[0001] The present invention relates to a pneumatic tire
constructed with an electrically conductive tire tread that
defines a channel extending radially inward through a tread
base rubber having a relatively high electrical resistivity so
as to provide a conductivity path to a belt layer within the
tire. In certain embodiments, the present invention also
provides for a conductivity path extending from the belt
layer through a belt cushion section to a carcass within the
tire.

BACKGROUND OF THE INVENTION

[0002] Unless a grounding path is provided, moving
vehicles experience a build-up of static electricity that can
be of relatively high voltage. Such charge build-up is
undesirable for a number of reasons. For example, the
presence of such a charge can have an adverse effect on the
vehicle’s electronic circuitry including radio reception. A
charge can create a spark potential that can present a safety
hazard during refueling. The grounding of a charge through
a vehicle occupant, typically upon entering or exiting the
vehicle, can be particularly uncomfortable.

[0003] The tendency of a charge to build on a vehicle can
be dissipated by providing a continuous ground to earth.
Previously, particularly for larger vehicles, a ground was
provided by dragging along a chain or other electrical
conductor connected to the frame of the vehicle. As the
vehicle moved, a charge was conducted to the ground along
the chain.

[0004] Tires can also be used to provide a ground that
dissipates an electrical charge. However, not all materials
that might be used in tire construction are necessarily
electrically conductive. Rubber compositions that are elec-
trically conductive are generally constructed from com-
pounds having significant proportions of conductive carbon
black. Conversely, rubber compositions that are relatively
nonconductive tend to have significantly larger amounts of
silica relative to carbon black. In general, increasing the
relative proportion of silica relative to carbon black
decreases conductivity. However, the size and type of the
carbon black particulates and the amount of carbon black
loading also affects the level of conductivity.

[0005] While silica based compositions are generally poor
conductors of electricity, the use of silica as a reinforcing
material in the tread can provide increased braking ability
under wet conditions and also can result in a tire having
decreased rolling resistance. Accordingly, methods of pro-
viding a path of electrical conductivity through an electri-
cally insulating tread have been suggested. For example, see
U.S. Pat. No. 6,220,319 or U.S. Pat. No. 6,367,525. How-
ever, these constructions are not acceptable where a manu-
facturer desires to use a tread constructed from a material
that is electrically conducting. Furthermore, if a manufac-
turer desires to use nonconducting compositions at other
layers of the tire other than the tread, the tire may not
provide a ground regardless of a conducting tread.
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BRIEF SUMMARY OF THE INVENTION

[0006] Objects and advantages of the invention will be set
forth in part in the following description, or may be obvious
from the description, or may be learned through practice of
the invention.

[0007] In one exemplary embodiment of a pneumatic tire
according to the present invention, a tread section is pro-
vided that is constructed from an electrically conductive
material. Such tire includes a pair of nonconductive sidewall
portions, a pair of bead bundles, and a carcass section that
extends between the pair of bead bundles and is wrapped
around each bead bundle. A belt cushion section is disposed
radially outside the carcass section and is constructed from
an electrically insulating material. At least one belt layer is
disposed radially outside of the belt cushion section but
radially inward from the tread section.

[0008] The belt cushion section includes a series of elec-
trically conductive segments that are spaced in a direction
extending circumferentially around the tire. These segments
extend radially inward so as to provide an electrically
conductive path between the belt layer and the carcass
section.

[0009] The tread section may be constructed from mate-
rials having a discharge resistance of about 10'° ohms or
less. The series of electrically conductive segments may also
be constructed from the same material as used for the belt
layer, may be constructed from the same material as used for
the carcass section, or both. For this exemplary embodiment,
the tread section may be constructed from a conducting tread
cap rubber and a nonconducting tread base rubber, with the
tread base rubber being located radially inside the tread cap
rubber. In such case, the tread cap rubber defines a conduct-
ing bridge extending radially inward from the tread cap
rubber, through the tread base rubber, and provides an
electrically conductive path to the belt layer. The tread cap
rubber may be constructed to include a series of tread peaks
and grooves with the conducting bridge extending radially
inward from the tread groove.

[0010] In another exemplary embodiment, a pneumatic
tire is provided having a tread cap rubber defining the tread
of the tire and is constructed from an electrically conductive
rubber material. A tread base rubber is disposed radially
inside the tread cap rubber. The tread base rubber is con-
structed from an electrically insulating rubber. In this
example, the pneumatic tire includes a pair of nonconduc-
tive sidewall portions, a pair of bead bundles, and a carcass
extending between the pair of bead bundles. The carcass is
wrapped around each bead bundle. A belt cushion section is
disposed radially outside the carcass and is constructed from
outer insulating portions separated circumferentially by an
inner conducting portion. At least one belt layer is disposed
radially outside of the belt cushion section but radially
inward from the tread base rubber. The tread cap rubber also
defines a conducting bridge extending radially inward from
the tread cap rubber, through the tread base rubber, and
provides an electrically conductive path to the belt layer.

[0011] In another exemplary embodiment, a pneumatic
tire is provided having a tread cap rubber that defines the
tread of the tire. The tread cap rubber is constructed from an
electrically conductive rubber material. A tread base rubber
is disposed radially inside the tread cap rubber and is
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constructed from an electrically insulating rubber. Such tire
includes a pair of nonconductive sidewall portions, a pair of
bead bundles, and a carcass section extending between the
pair of bead bundles and being wrapped around each bead
bundle. A belt cushion section is disposed radially outside
the carcass section. At least one belt layer is disposed
radially outside of the belt cushion section but radially
inward from the tread base rubber. The tread cap rubber also
defines a first conducting path extending radially inward
from the tread cap rubber, through the tread base rubber, so
as to provide for the conduction of electricity between the
tread cap rubber and the at least one belt layer.

[0012] In still another exemplary embodiment of the
present invention, a method of manufacturing a pneumatic
tire is provided. The steps of such method include providing
a carcass section that extends between a pair of bead
bundles. The carcass is wrapped around each bead bundle
and is constructed from a first electrically conductive mate-
rial. A belt cushion section is overlaid onto the carcass
section; the belt cushion section is constructed from an
electrically insulating material. A series of spaced apertures
is formed circumferentially along the belt cushion section.
At least one belt layer is provided and is disposed onto the
belt cushion section at a position located radially outside of
the belt cushion section. The at least one belt layer is
constructed of a second electrically conductive material.

[0013] A tread section is extruded and includes a tread cap
rubber defining the tread of the tire; the tread cap rubber
being constructed from an electrically conductive rubber
material. A tread base rubber is disposed radially inside the
tread cap rubber. The tread cap rubber defines a first con-
ducting path extending through the tread base rubber.

[0014] The tread section is applied onto the at least one
belt layer to form an intermediate tire having the first
conducting path electrically connected to the at least one belt
layer. The intermediate tire is then subjected to heat and
pressure so as to cause the first and second electrically
conductive materials from the carcass section and the at least
one belt layer respectively to migrate into the series of
evenly spaced apertures and connect so as to provide a
second conducting path between the carcass section and the
at least one belt layer. Where desired, the first and second
electrically conductive materials may be constructed so that
the tire has a discharge resistance of about 10*° ohms or less.
Alternatively, the first and second electrically conductive
materials may be constructed so that the tire has a discharge
resistance of about 10° ohms or less if desirable.

[0015] These and other features, aspects and advantages of
the present invention will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and
constitute a part of this specification, are used to illustrate
exemplary embodiments of the invention and, together with
the description, serve to explain the principles of the inven-
tion. As will be apparent to one of ordinary skill in the art
using the teachings disclosed herein, the present invention
may be used in a variety of embodiments to provide a variety
of different pneumatic tires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 is a partial cross-sectional view of a pneu-
matic tire.

Apr. 15, 2004

[0017] FIG. 2 is a cross-sectional view of the pneumatic
tire of FIG. 1 taken along line 2-2.

[0018] FIG. 3 is a partial cross-sectional view of an
exemplary embodiment of the present invention.

[0019] FIG. 4 is a partial cross-sectional view of an
exemplary embodiment of the present invention.

[0020] FIG. 5 is a cross-sectional view of the exemplary
embodiment of FIG. 4 taken along line 5-5.

[0021] FIG. 6 is a cross-sectional view of an exemplary
embodiment of the present invention.

[0022] FIG. 7 is a cross-sectional view of an exemplary
embodiment FIG. 6 taken along line 7-7.

DETAILED DESCRIPTION

[0023] Reference now will be made in detail to the
embodiments of the invention, one or more examples of
which are set forth in the drawings. Each example is
provided by way of explanation of the invention and not
meant as a limitation of the invention. For example, features
illustrated or described as part of one embodiment may be
used with another embodiment to yield still a further
embodiment. In fact, it will be apparent to those skilled in
the art that various modifications and variations can be made
in the present invention without departing from the scope or
spirit of the invention.

[0024] The present invention provides a pneumatic tire
constructed with an electrically conductive tire tread that
defines a channel extending radially inward through a tread
base rubber having a relatively high electrical resistivity so
as to provide a conductivity path to a belted layer within the
tire. In certain embodiments, the present invention also
provides for a conductivity path extending from the belted
layer through a belt cushion layer to the carcass of the tire.
Accordingly, the present invention allows for the discharge
or dissipation of static electrical charges that can accumulate
on an otherwise ungrounded moving vehicle.

[0025] As illustrated in FIG. 1 and FIG. 2, a pneumatic
tire 10 includes a carcass 12 that wraps around beads 14 and
16 and extends across an air impermeable inner liner 18. As
tire 10 is pressurized, carcass 12 retains the overall shape of
tire 10 by containing the inner liner 18 and transferring force
to beads 14 and 16. As the tire is inflated, beads 14 and 16
operate to secure tire 10 onto a wheel. Beads 14 and 16 are
typically constructed from metals including various types of
steel. Carcass 12 is strengthened by cords 20 that may be
constructed from materials including various steels or
organic materials such as nylon, rayon, polyester, and the
like.

[0026] Belt cushion layer 22 is located radially outside
carcass 12 and extends substantially over the width of
carcass 12. Layer 22 provides a flat surface for the location
of belt layers 24, 26, and 28. Three belt layers 24, 26, and
28 are depicted by way of example only; it should be
understood that one or more belt layers may be used in the
various embodiments of the present invention. Belt layers
24, 26, and 28 include steel cords 30 within a rubber based
composition. Cords 30 of each layer 24, 26, and 28 may be
arranged in different orientations with respect to each layer
as will be understood by one of skill in the art.
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[0027] Tread section 32 is located radially outside belt
layers 24, 26, and 28 and spans between side wall portions
33 and 35. Tread section 32 includes a tread base rubber 34
and a tread cap rubber 36. For the purposes of illustration
only, the relative height of tread section 32 has been some-
what enlarged with respect to the remaining parts of tire 10
in the figures. As shown in FIG. 1 and FIG. 2, tread section
32 defines a series of tread peaks 38 separated by tread
grooves 40. The particular arrangement of peaks 38 and
grooves 40 shown is by way of example only; numerous
tread arrangements are possible and may be used with the
present invention. It should be understood that as used
herein, the term “tread peaks” refers to both tread lug
sculptures as well as tread rib sculptures. Using the teach-
ings disclosed herein, one of skill in the art will understand
that the present invention may be used with a variety of
different tread sculptures.

[0028] Belt cushion layer 22 is constructed from a com-
position that is nonconductive. In addition, tread base rubber
34 is also constructed from a nonconductive composition,
while tread cap rubber 36 is constructed from a carbon
black-based composition that is relatively conductive.
Accordingly, to dissipate the build-up of a static electric
charge on a vehicle equipped with tire 10, a conducting path
from tread cap rubber 36 to conducting carcass 12 is desired.

[0029] FIG. 3 provides is an exemplary embodiment of a
pneumatic tire 110 according to the present invention. (The
use of similar reference numerals throughout this specifica-
tion is used to indicate identical or substantially similar
components—e.g. 24, 124, 224. and 324). Tire 110 is
provided with a path that allows for dissipation of a static
charge through a vehicle’s wheel, through carcass 112, and
to the ground in contact with tread cap rubber 136.

[0030] Belt cushion layer 122 is constructed from three
sections. Outer insulating portions 142 and 144 are sepa-
rated circumferentially by an inner conducting portion 146.
Portions 142 and 144 are constructed from a material that is
relatively nonconducting such as a silica based composition.
In contrast, inner conducting portion 146 is constructed from
a material that has a high relative conductivity. Accordingly,
inner conducting portion 146 provides a conductivity path
between carcass 12 and belt layers 124, 126, and 128. By
way of example only, belt cushion layer 122 can be con-
structed using various methods of extrusion as will be
understood by one of skill in the art using the teachings
disclosed herein.

[0031] TLayers 124, 126, and 128 are also electrically
conducting due to the composition of layers 124, 126, and
128 including steel cords 130. As a result, layers 124, 126,
and 128 provide a conductivity path that connects inner
conducting portion 146 with conducting bridge 148. Extend-
ing radially inward from tread cap rubber 136, conducting
bridge 148 penetrates the insulating tread base rubber 134 to
provide a path of electrical conductivity to belted layer 128.
Using the teachings disclosed herein, one of skill in the art
will understand that tread section 132 may also be con-
structed using various methods of extrusion.

[0032] Therefore, tire 110 is provided with a path that
allows for dissipation of a static charge by electrically
connecting a vehicle’s wheel to ground. Electrical charge is
dissipated by a conductivity path that passes through the
metal frame of the vehicle, through the metal wheel on
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which tire 110 is mounted, and to carcass 112. The conduc-
tivity path then extends though belt cushion layer 122 by
way of inner conducting portion 146, which is in turn
connected by belt layers 124, 126, and 128 to conductivity
bridge 148. Accordingly, as tread cap rubber 136 contacts
the road surface, a contact and electrical path to ground is
provided.

[0033] FIGS. 4 and 5 provide another exemplary embodi-
ment of a pneumatic tire 210 according to the present
invention. Tire 210 is also provided with a path that allows
for dissipation of a static charge through a vehicle’s wheel,
through carcass 212, and to ground through tread cap rubber
236 as tire 210 contacts the ground. Belt cushion layer 222
includes a series of electrically conductive segments 250,
substantially evenly spaced in a direction extending circum-
ferentially around the tire and extending radially inward so
as to provide an electrically conductive path between belted
layer 224 and carcass 212. It should be understood that the
present invention is not limited to evenly spaced segments
250—aligned circumferentially about the tire as shown in
FIGS. 4 and 5. One of skill in the art, using the teachings
disclosed herein, will understand that various orientations of
segments 250 about the tire can be constructed.

[0034] By way of example only, belt cushion layer 222
may be constructed by using a pin wheel or other device to
place a series of apertures along the material of construction
used for belt cushion layer 222. During production, belt
cushion layer 222 is placed over carcass 212 and belt layers
224, 226, and 228 are placed over belt cushion layer 222.
The resulting intermediate tire is then subjected to heat and
pressure causing the conductive compositions of one or both
of carcass 212 and belted layer 224 to migrate into the series
of evenly spaced apertures so as to form segments 250. As
a result, segments 250 provide a conducting path between
carcass 212 and belted layer 224. Using the teachings
disclosed herein, one of skill in the art will appreciate that
other methods may be used to construct segments 250.

[0035] For exemplary embodiment 210, conducting
bridge 248 extends radially inward from tread peak 238 to
belted layer 228 while segments 250 are depicted as circular
in shape. However, other constructions fall within the spirit
and scope of the present invention. By way of further
example, FIGS. 6 and 7 illustrate another exemplary
embodiment of a pneumatic tire 310 according to the present
invention. Belt cushion layer 322 includes a series of elec-
trically conductive segments 350, evenly spaced in a direc-
tion extending circumferentially around the tire and extend-
ing radially inward so as to provide an electrically
conductive path between belted layer 324 and carcass 312.
As shown in FIG. 6, segments 350 are square in shape as
opposed to the circular segments 250 of FIG. 4. In addition,
conducting bridge 248 extends radially inward from tread
groove 340 rather than tread peak 338.

[0036] Reference herein has been made to insulating and
conducting materials. Currently, no international standard
has been established regarding what amount of resistivity or
conductivity results in a tire or tire composition being
referred to as insulating or conducting. However, the
Employer’s Association of German Rubber Industries has
provided a standard, referred to as WDK Guideline 110, that
may be consulted. According to this standard, tires having a
discharge resistance that does not exceed 10'° ohms are
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deemed suitable for electrical dissipation. In tire applica-
tions that include use in an area of explosion risk, a
discharge resistance that does not exceed 10° ohms is
suggested. If desired, materials of construction meeting
these recommendations may be utilized in the construction
of pneumatic tires according to the present invention.

[0037] Therefore, a pneumatic tire that provides for the
dissipation of electrical charge using a tire having a con-
ducting tread but also having certain insulating or noncon-
ductive inner layers is provided. It should be understood that
the present invention includes various modifications that can
be made to the exemplary embodiments as described herein
and such comes within the scope of the appended claims and
their equivalents. The aforementioned description of
embodiments of the present invention is by way of example
only and not intended as a limitation on the spirit and scope
of the claims that follow.

What is claimed is:
1. A pneumatic tire, comprising:

a tread section comprised of an electrically conductive
rubber material;

a pair of nonconductive sidewall portions;
a pair of bead bundles;

a carcass section extending between said pair of bead
bundles and being wrapped around each said bead
bundle;

a belt cushion section disposed radially outside the car-
cass section, said belt cushion section comprised of an
electrically insulating material,

at least one belt layer disposed radially outside of said belt
cushion section but radially inward from said tread
section;

wherein said belt cushion section includes a series of
electrically conductive segments, spaced in a direction
extending circumferentially around the tire and extend-
ing radially inward so as to provide an electrically
conductive path between said at least one belt layer and
said carcass section.

2. A pneumatic tire as in claim 1, wherein said tread
section is constructed so that the tire has a discharge
resistance of about 10'° ohms or less.

3. A pneumatic tire as in claim 1, wherein said series of
electrically conductive segments is comprised of material
extending from said belt layer.

4. A pneumatic tire as in claim 3, wherein said series of
electrically conductive segments is further comprised of
material extending from said carcass section.

5. A pneumatic tire as in claim 1, wherein said tread
section comprises a conducting tread cap rubber and a
nonconducting tread base rubber, said nonconducting tread
base rubber being located radially inside said tread cap
rubber, and wherein said tread cap rubber also defines a
conducting bridge extending radially inward from said tread
cap rubber, through said tread base rubber, so as to provide
an electrically conductive path to said at least one belt layer.

6. A pneumatic tire as in claim 5, where said tread cap
rubber comprises a series of tread peaks and tread grooves
and said conducting bridge extends radially inward from
said tread groove.
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7. A pneumatic tire, comprising:

a tread cap rubber defining the tread of the tire, said tread
cap rubber comprised of an electrically conductive
rubber material;

a tread base rubber disposed radially inside the tread cap
rubber, said tread base rubber comprised of an electri-
cally insulating rubber;

a pair of nonconductive sidewall portions;
a pair of bead bundles;

a carcass extending between said pair of bead bundles and
being wrapped around each said bead bundle;

a belt cushion section disposed radially outside the car-
cass, said belt cushion section comprised of outer
insulating portions separated circumferentially by an
inner conducting portion; and

at least one belt layer disposed radially outside of said belt
cushion section but radially inward from said tread base
rubber;

wherein said tread cap rubber also defines a conducting
bridge extending radially inward from said tread cap
rubber, through said tread base rubber, so as to provide
an electrically conductive path to said at least one belt
layer.

8. A pneumatic tire as in claim 7, wherein said tread cap
rubber comprises a series of tread peaks and tread grooves,
and said conducting bridge extends radially inward from
said tread peak.

9. A pneumatic tire as in claim 7, where said tread cap
rubber comprises a series of tread peaks and tread grooves,
and said conducting bridge extends radially inward from
said tread groove.

10. A pneumatic tire as in claim 7, wherein said tread cap
rubber is constructed so that the tire has a discharge resis-
tance of about 10'° ohms or less.

11. A pneumatic tire as in claim 7, wherein said tread cap
rubber is constructed so that the tire has a discharge resis-
tance of about 10° ohms or less.

12. A pneumatic tire, comprising:

a tread cap rubber defining the tread of the tire, said tread
cap rubber comprised of an electrically conductive
rubber material;

a tread base rubber disposed radially inside the tread cap
rubber, said tread base rubber comprised of an electri-
cally insulating rubber;

a pair of nonconductive sidewall portions;
a pair of bead bundles;

a carcass section extending between said pair of bead
bundles and being wrapped around each said bead
bundle;

a belt cushion section disposed radially outside the car-
cass section;

at least one belt layer disposed radially outside of said belt
cushion section but radially inward from said tread base
rubber section; and

wherein said tread cap rubber also defines a first conduct-
ing path extending radially inward from said tread cap
rubber, through said tread base rubber, so as to provide
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for the conduction of electricity between said tread cap
rubber and said at least one belt layer.

13. A pneumatic tire as in claim 12, further comprising a
second conducting path that extends from said belt layer,
through said belt cushion section, and to said carcass section
so as to provide for the conduction of electricity between
said at least one belt layer and said carcass section.

14. A pneumatic tire as in claim 12, further comprising a
series of electrically conductive segments, substantially
evenly spaced in a direction extending circumferentially
around the tire, and extending radially inward from said belt
layer, through said belt cushion section, and to said carcass
section so as to provide for the conduction of electricity
between said at least one belt layer and said carcass section.

15. A pneumatic tire as in claim 12, wherein said belt
cushion section is comprised of two axially outer portions
separated circumferentially by an inner portion, wherein
said outer portions are constructed from an electrically
insulating material and said inner portion is constructed of
an electrically conductive material.

16. A pneumatic tire as in claim 12, wherein said tread cap
rubber comprises a series of tread peaks and tread grooves,
and said first conducting path extends radially inward from
said tread groove.

17. A pneumatic tire as in claim 12, wherein said tread cap
rubber comprises a series of tread peaks and tread grooves,
and said first conducting path extends radially inward from
said tread peaks.

18. A method of manufacturing a pneumatic tire, com-
prising:

providing a carcass section of a first electrically conduc-
tive material extending between a pair of bead bundles,
the carcass section wrapping around each bead bundle;

overlaying a belt cushion section of electrically insulating
material onto the carcass section;
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forming a series of apertures spaced circumferentially
along the belt cushion section;

providing at least one belt layer of a second electrically
conductive material disposed onto the belt cushion
section radially outside of the belt cushion section,

extruding a tread section, the tread section comprising (i)
a tread cap rubber defining the tread of the tire and
being constructed from an electrically conductive rub-
ber material and (ii) a tread base rubber located radially
inside the tread cap rubber, wherein the tread cap
rubber also defines a first conducting path extending
through the tread base rubber;

applying the tread section onto the at least one belt layer
to form an intermediate tire wherein the first conduct-
ing path is electrically connected to the at least one belt
layer; and subjecting the intermediate tire to heat and
pressure so as to cause the first and second electrically
conductive materials from the carcass section and the at
least one belt layer to migrate into the series of aper-
tures and connect so as to provide a second conducting
path between the carcass section and the at least one
belt layer.

19. A method of manufacturing a pneumatic tire as in
claim 18, wherein the first and second electrically conduc-
tive materials are selected such that the tire has a discharge
resistance of about 10*° ohms or less.

20. A method of manufacturing a pneumatic tire as in
claim 18, wherein the first and second electrically conduc-
tive materials are selected such that the tire has a discharge
resistance of about 10° ohms or less.



